In a typical eukaryotic cell, certain parts of the genome -notably, those around the centromeres and telomeres -are transcriptionally silent and packaged safely away in cytologically distinct units known as heterochromatin, contrasting with transcriptionally active euchromatin regions. The formation and maintenance of heterochromatin is characterized by addition of specific modifying groups to histones, which are consequently bound by heterochromatin protein 1 (HP1), a non-histone component of chromatin [1].
homologous to DDP1 have been isolated in organisms from yeast to humans. DDP1 had previously been shown to colocalize with HP1 to the heterochromatic chromocenter, as well as to euchromatic sites [7] . Drosophila mutants of DDP1 showed a strong reduction in histone H3-K9 methylation, one of the characteristics of heterochromatin structure, and HP1 deposition. DDP1 mutations were also shown to be dominant suppressors of position effect variegation [6], the phenomenon whereby a normally euchromatic gene, when placed in the vicinity of heterochromatin, shows a mosaic expression pattern. Work over many years has shown that position effect variegation is often suppressed by mutations of genes associated with heterochromatin function. The implications are that the nucleic acid binding capability of DDP1, particularly its RNA binding activity, might be important for its involvement in the formation and maintenance of heterochromatin.
As [10] . The recovery of this protein suggests an interesting link between heterochromatin and DNA repair. Indeed, human Ku70 has previously been shown to interact with HP1α α in human cells [11] . One of the targets of the kinase activity of DNA-PK is histone H2AX, one of three forms of histone 2A, which is rapidly phosphorylated in response to DNA damage, leading to the recruitment of repair factors [12] . The vigilin complex was found to have an RNA-dependent kinase activity, and H2AX was subsequently shown to be phosphorylated in this complex.
The second co-purifying protein is RNA helicase A (RHA). RHA is a RNA-and DNA binding protein involved in transcription and RNA transport [13] . RHA has also been shown to be an RNA-dependent phosphorylation target of DNA-PK. Furthermore, it is a binding partner of BRCA1, a tumor suppressor gene product that participates in many DNA damage repair pathways [14] . BRCA1 is rapidly recruited to H2AX following DNA damage [12] , and cells deficient in BRCA1 have defects in transcription-coupled repair, non-homologous end joining and homologous recombination. Inhibition of BRCA1 by overexpression of RHA has been shown to coincide with reduction in poly(ADP-ribose) polymerase-1 (PARP-1) activity and defects in ploidy [15] . PARP-1 and PARP-2 are involved in the immediate response to DNA damage in mammalian cells [16] , and the Drosophila homolog of PARP-1 has been shown to be required for organizing heterochromatin structure during development [17] .
The interplay of proteins involved in DNA repair, on the one hand, and heterochromatin formation and maintenance, on the other, is a developing story. This was also highlighted recently by the discovery of the Arabidopsis gene BRU1, mutation of which causes an extreme sensitivity to genotoxic stress as well as alterations to heterochromatin condensation [4]. Mutant bru1 plants have a phenotype similar to that caused by mutation of chromatin assembly factor 1 (CAF1), another protein that participates in DNA repair, in conjunction with proliferating cell nuclear antigen (PCNA) [18] . CAF1 and PCNA are also both involved in DNA replication, and have been shown to interact with HP1α α and suggested to be necessary for deposition of HP1 to heterochromatin [19] . HP1 has also been shown to interact with the Drosophila homolog of another important DNA repair protein, ATM [20] . Like DNA-PK, ATM is a kinase which is rapidly induced in response to DNA damage, and is one of the proteins responsible for the phosphorylation-mediated activation of p53, the product of a tumor suppressor gene with a central role in the DNA damage response. 
